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ABSTRACT 
The feasibility of designing a component to 
facilitate assembly, either manually or using robotic 
type devices, was1 demonstrated in this thesis. The 
component designed was the hammer unit from a computer 
line printer. Since the component design was actually a 
redesign, economics' were not the only constraint on the 
design. Three a*dditional constraints were placed on the 
unit: 
1. The redesigned unit must have an identical or 
better service life than the existing unit; 
2. The redesigned unit must be serviced easily; 
and 
3. The total: cost of the new assembly must be 
lower than than the total cost for the current 
assembly. 
Using a! Computer-Aided Engineering system, a wide 
range of designs were develoned and analyzed. The 
original designs were entered into a computerized data 
base. A copy of a' part was recalled from the data base 
and modifications were made. The design was then analyzed 
for its mechanical' properties and stored in the data base 
under a new label'. 
When a! design satisfied the mechanical constraints, 
I 
the economic analysis was performed. The economic 
analysis covered the cost of the materials, the cost of 
processing necessary to create the components and the 
cost of assembling, the unit. With the mechanical and 
economic constraints satisfied, one design was determined 
to approach optimum. 
While the work in this thesis1 was performed from a 
redesign perspective, many of the concepts investigated 
may prove to be useful in other design applications. 
1'.: INTRODUCTION* 
As the cost of skilled labor rises, many companies 
are forced to choose new methods of manufacture in order 
to remain economically solvent, industry has two choices, 
two paths for change. The first choice is to move the 
more labor intensive operations overseas where labor 
rates are much lower than those in the United States. 
Obviously this is undesireable because it erodes the 
American mahufacturing base creating wide scale 
unemployment. This unemployment would not only affect 
blue collar workers, but white collar workers in 
service/support positions as well. 
The second choice is to maintain operations in the 
United States and reduce the intense dependence on labor 
for uncha'll:enging', repetitive tasks. These unchallenging 
tasks would instead be performed by industrial robots, 
while labor might be employed in more challenging areas 
which fully utilize their skills. Some may argue that 
installing industrial robots to perform the tasks that 
traditionally were performed by humans will create wide 
scale unemployment. The logic behind this argument is 
that there is only a finite amount of work to be done in 
this world. This logic may be faulty. Just as there is 
an infinite number of needs in this world there is an 
infinite amount of work needed to  fill  these  ever 
3 
1' 
changing needs . Also the resulting rise in production 
due to increased demand through more competetive pricing 
will create many more jobs in the service/support 
industries than it displaces in the manufacturing sector. 
The second choice is obviously more desireable for these 
reasons. 
To reduce this dependence on labor, many companies 
have installed industrial robots to perform such labor 
intensive tasks as material handling and machine 
loading/unloa'ding. For the most part, companies have 
ignored the very labor intensive task of component 
assembly because until very recently it was thought that 
robots were not capable of performing such complex tasks. 
That technology is- now available. Companies that wish to 
maintain their manufacturing facilities in the United 
States must now consider utilizing industrial :robots to 
perform mundane assembly tasks, or, find alternative 
means to remain competitive. 
The task of utilizing an industrial robot for 
assembly operations^ involves more than programming the 
robot  to assemble  the component.  Since robots are not 
1 
Rooney, Andrew A., LEaa Siiautas,' ttLLtx    Aadv Raaa&u, 
Es'say Production, Inc., New York, 1981, pp. 205-206. 
capable of easily handling such common fasteners as 
screws and bolts it may be necessary to design the 
component to eliminate such fasteners. Instead, 
connectors which.slip, slide, snap or hook into place 
should be used. The major objective of the work done In 
this thesis is to present new ideas in mechanical design 
that facilitate assembly. 
2. PROBLEM DEFINITION 
In the traditional manufacturing environment, the 
part designer often performed his work with little 
thought to the ease of manufacture of the part. That is, 
he designed the. part with only the finished product in 
ulnd. He cared little about the design once it left his 
desk. The manufacturing of the part was not his problem, 
that was the problem of the manufacturing engineer. 
The  manufacturing engineer  was  responsible  for 
developing a  route sheet and tooling and fixtures for the 
part. The manufacturing enqineer did not understand all 
of  the  subleties  of the design and the design engineer 
did not know what was easy to manufacture.  Thus  neither 
could modify the design to make it easier to manufacture. 
Because  two separate functions  existed,  that of the 
design engineer and the manufacturing enaineer,  overall 
2 
optimum  performance was  rarely achieved .   It is now 
necessary to integrate the design and manufacturing 
functions so that designs which are easier to manufacture 
can be created. 
One  of  the  major areas of' manufacturing in which 
2 
DeGarTio,- E. Paul', tlateniala Lad Enacas.s,&s. la 
21aau,£ac,tux;La:jy Macmillan Publishihg' Co., Inc., New York, 
Fifth   Edition,   1979,     pp.   3-7. 
noney can be saved is assembly work. The typical 
fasteners in use today are the screw and the bolt. The 
very nature ot these fasteners causes them to be 
difficult to to use. It is time consuming to implement 
these fasteners. They must be properly alligned or the 
threads will: cross, temporarily prohibiting further use. 
Similarily, due to the engineering of the screw, the 
threads must be in contact with opposite threads on the 
adjoining part. This often reguires many turns in order 
to ensure that the two threaded surfaces have enough 
contact to create an acceptable connection. A better 
connector would be one that reguires only one movement to 
create a strong, durable, serviceable connection. 
It may be necessary to reevaluate existing designs 
and implement new connectors where economically .feasible. 
The worlc done in this thesis was< done from a redesign 
point of view but there is no reason why these concepts 
cannot be applied to new products. 
A redesigned component must perform under several: 
constraints. It must operate as well, if not better, than 
the original: component. It must have a longer mean time 
between breakdowns than the original (that is it should 
reguire no more service than the original). Finally,, the 
redesigned component should not be more expensive to 
repair when it breaks down than the original component. 
7 
3.: BACKGROUND: 
For purposes of this thesis, the hammer block fronua 
computer line printer will be analyzed. The rational 
being that this analysis and the concepts developed could 
be applied to other mechanical components. 
3.1 Hammer Unit 
3.1.1 Printer 
The part  designed was  the  hammer block from a 
computer  printer.  The printer is a page printer In that 
the print characters move past a line of  fixed  position 
print hammers  with each hammer  representing a print 
column on the page.   The  printer  is  moderately  fast, 
3 
printing at  650 lines per minute .  The print band is a 
continuous  steel: band  containing  a  maximum  of   288 
characters  spaced  .1667  Inches  center  to center and 
4 
travels at a; speed of  110  inches  per  second .   The 
printer  has 132 print positions with each print position 
corresponding' to a hammer.  The  Internal  microcode 
controls  the  firing of the hammers by synchronizing an 
3 
Lad1 Halataaauca laJLaxmaLiaa Haaual,   International 
Business Machines Corporation, 1980, p. 1.7-010. 
4 
ibid. p. 17-010. 
Image  of  the  print band that is stored in an internal 
buffer  to timing marks on the print band.  When a 
character  needs  to be printed the microcode finds the 
image of the character in the buffer' and fires the hammer 
such that the desired character is printed in the desired 
5 
position . The printer contains the necessary functions 
to control  the transfer of information from the printer 
and the control: unit and responds  to  signals  from  its 
sensors  and  switches.  The  printer also contains 
diagnostic routines' to evaluate the printer. 
The print area consists of the hammer assembly, the 
front unit which controls the Drint band, the ribbon and 
the paper to be printed. The print band travels in front 
of the ribbon, the forms and the hammers as shown in 
figure 3-1. To print a character, the microcode of the 
printer compares the data in the buffers. When matching, 
the hammer fires and presses the forms against the ribbon 
and the print band creatina the character. 
The hammer assembly is divided into six units of 22 
hammers each. A' set of 22 hammers is< reffered to as a 
hammer block. Of the six hammer brocks, three are mounted 
on the hammer assembly upside down,- above the print line 
ibid. p.. 17-020.: 
?tV* 
Figure 3-1:   Printing Setup 
and three are mounted right side up below the print line. 
With the hammer heads of the upper row of hammer blocks 
nested with the hammer heads of the lower row of hammer 
blocks  a: print  line  132 characters long Is created as 
10 
Figure 3-2:   Hammer Assembly 
shown in figure 3-2. The hammers that generate the odd 
numbered positions of the print line are mounted below 
the print line while the hammers that generate the even 
numbered positions of the print line  are mounted above 
11 
the print line. The hammer assembly Is mounted so that 
the plane created by the fronts of the units is vertical 
and parallel: to the paper to be printed. 
The hammers are mounted on a common frame which also 
acts as a' heat sink. It is on this block that the 
thermostat which measures the temperature of the assembly 
is1 mounted. This thermostat acts to protect the unit from 
high temperatures that build up during the normal 
operation of- the hammer assembly. If the thermal switch 
opens, the printer stops and the operator Is notified. 
The thermal1 switch is desianed to open once a temperature 
of 168 degrees farenheit Is recorded. 
3.1,2 Hammer Block 
The seven major components to the hammer unit, shown 
in figure 3-3 are: 
1. the stator block assembly; 
2. the coils; 
3. the comb bar assembly? 
4. the guide; 
5. the hammers; 
6. the hammer pivot shaft; and 
7. the front plate. 
Appendix A contains a complete list of all of the parts 
12 
Figure: 3-3:  Components of a Hammer Block 
13 
of the hammer block:. 
The sta'tor block assembly serves as the connecting 
point to the mounting bar and the point from which all 
else is assembled and is shown in figure 3-4. 
OlOl(o>       )Q(       <o)lOlQ 
n 
_.. J oooooooooooooooooooooo DQDD0DQ0D0QD0000000D0D 
im aMUDDaiia 
f ±± 
Itrtl 
7J 
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Figure 3-4:   stator Block Assembly 
14 
The stator block assembly contains twenty-two iron 
stators which act as magnets when a current is induced in 
coils wrapped around the stator. The rear of the stators 
extends out of the stator block assembly and serves to 
cool: the stators which helps to cool the entire hammer 
unit. The stator block assembly is molded from a 
phenolic resin which acts to isolate the individual 
stators. This is necessary in order to insure that each 
stator is individually controlled and not affected by the 
actions of any other stator. The stator block assembly 
also has the holes into which the the springs and 
plungers are placed. These act to return the hammer to 
the neutral- position after firing. The spring is a 
compression coil:- spring. It is desirable to use such a 
spring rather than a tension spring to avoid permanent 
deformation which may result from ah abnormal cycle. The 
plastic plunger keeps the friction between the hammer and 
the spring to a' minimum which helps reduce the energy 
required to fire the hammer. 
The coils are shown in figure 3-5 and slide over the 
exposed part of the stators. The colls are wrapped 196 
plus or minus 2 turns. When the maximum voltage of 32 V 
DC is applied across the terminals of the coil, a maximum 
current of 6.35 amps is generated. The current in the 
coils generates a' magnetic field on an axis perpendicular 
15 
Figure 3-5:  Coil 
to  the direction  of  the current.   This axis is the 
stator. That is how a maanetic field is induced in  the 
st'ator. 
The comb  bar  is extruded aluminum and is shown on 
16 
figure 3-6.  The comb bar serves five purposes: 
1. Tt houses the hammers; 
2. It  serves  as  the guide for the body of the 
hammers? 
3. It helps to form the  point  about  which  the 
hammers pivot; 
4. It houses  the hammer  flight time adjusting 
screws; and 
5. It holds the springs  and  plungers  in place 
during assembly of the hammer block. 
Thus,  with all; of these additions, the comb bar becomes 
the comb bar assembly. 
The comb bar assembly mounts on top of the stator 
block assembly and is shown in figure 3-7. The comb bar 
assembly consists of the comb bar, twenty-two adjusting 
screws, a plastic washer, a rubber burrmer, and three 
locating pins-. The adjusting screws are used to control; 
the flight time of the hammers. Each screw relates to one 
hammer; thus, each hammer is independently, infinitely 
adjustable. The screws are held in place by a single 
continuous plastic washer through which the screws are 
threaded before they are threaded through the comb bar. 
This prevents the screws from losing their adjustment due 
to the constant force of the hammer returning to the rest 
17 
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Figure 3-6:  Comb Bar 
position. There is also a plastic bumper that snaps into 
the top of the comb bar and has twenty-two tabs, one to 
cover the tip of- every screw. This is used to reduce the 
noise that is produced when the hammer returns  to its 
18 
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Figure 3-7:   Comb Rar Assembly- 
rest  position  and  hits the adustlng screw.  The bumper 
also serves to absorb some oC the shock of the impact, so 
that the hammer comes to rest quickly.  The locating pins 
help  position  the comb bar assembly with respect to the 
19 
stator block during assembly. 
The  guide  is- shown in Maure 3-8. The piece itself 
is- a' bar of aluminum with twenty-two slots, one for each 
hammer 
LJ U LJ 
EMMiMttMIinMEMMni 
Figure 3-8:  Guide Bar 
The teeth that form the slots are coated with a plastic 
lubricant, polyethylene thereohthalate which acts to 
reduce the friction and wear between the hammers and the 
guide. The potential for wear exists because of the 
great speed and high tempeatures. at which the firing 
action takes place. When the hammer fires,  it hits the 
20 
print' band, which Is moving at a speed of 110 inches per 
second perpendicular to the direction of motion of the 
hammer. The hammer is naturally pulled in the direction 
the print band is moving. This movement, combined with 
the return movement of the hammer, would cause the 
hammers and the guide to wear if not properly protected. 
If the hammers were to wear, the flight time would 
constantly be changing due to the changing mass of the 
hammers. This would require an undue amount of 
maintenence to ensure a quality print. If the guide were 
to wear, the result would be that the top of the hammer 
would be thrown off vertical by the print band, and not 
return to a. vertical rest position. Thus the hammer, 
when fired, would not hit the print band in the desired 
location. Due to its control of such a critical aspect of 
the printer, the guide is very tightly toleranced. 
The hammers are the heart of the printing operation, 
and one is shown in figure 3-9. The hammer has a flat 
face at the top which, when fired, hits the print band. 
The hole in the body acts as a pivot point for the 
hammer. The bottom' fifth of the hammer forms a right 
angle with the major axis of the hammer. This acts as a 
tail that inserts into the coil. The axis of the tail is 
parallel to the axis of the magnetic field generated in 
the stator. When the stator is energized, the tail of the 
21 
hammer  is  attracted to the stator which causes the head 
of the hammer to move forward. 
n 
! 
•s 
I 
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Figure 3-9:  Hammer 
The hammer pivot shaft serves  as the point about 
which all  of  the hammers pivot and Is shown In figure 
77 
Figure. 3-10:   Hammer Pivot Shaft 
3-10. It is inserted through the hole in every hammer 
and rests in a' groove in the comb bar assembly. The 
shaft must have a low coefficient of friction because 
hammers are moving constantly and simultaneously in 
different directions, either forward backward. Thus the 
shaft cannot move with the hammers. Another reason that 
the pivot shaft must have a low coefficient of friction 
is> that the hammers must overcome some inertia when they 
are fired. If- there is significant: friction between the 
hammer and the shaft, a greater" initial force will be 
required to overcome the inertia plus the additional 
frictional' force between the two elements in order to 
create  the  correct character  on the paper. The pivot 
23 
shaft must fit snugly in the hole of the hammer in order 
to create a solid pivot point. If the shaft is not snug, 
the hammers would vibrate and necessary control over the 
hammers would certainly be lost. 
The front plate, shown in figure 3-11, serves  three 
purposes: 
1. It serves to place even pressure over the 
length of the hammer Divot shaft assembly to 
prevent it from bowing under the load; 
2. It is the mounting point for a rubber strip 
which prevents the coils, which fire the 
hammers, from moving during operation? and 
3. It serves to prevent dust and paper particles, 
which may adversely affect the operation of 
the hammer unit, from lodciing in the pivot 
area; of the hammer unit. 
The front plate is die cast aluminum and has slots 
molded in it that allow the hammers free motion but 
constrain the hammer pivot shaft on both sides of every 
hammer. If the shaft was constrained only at the ends, 
the middle would bow upward due to the force of the 
hammers which would result in poor print quality and 
consistency. The tongues created by the formation of the 
slots  put  pressure  on the pivot shaft which seats the 
24 
shaft In the groove on the comb bar. Thus the pivot shaft 
IS' constrained fully. 
The rubber strip mounted on the bottom of the face 
plate holds the stators in place during operation of. the 
hammer unit. While the coils would not separate from the 
unit If allowed to move, their motion would create the 
magnetic field in a different location which might reduce 
the effectiveness of the hammer unit'. The most imporatnt 
reason for holding the coils stationary during operation 
is* that in moving around, the coils may disconnect 
themselves from the power source rendering the hammer 
unit useless. 
The front plate also serves' to prevent dirt from 
clogging the unit. In the course of operation of the 
hammer unit dust and dirt particles are generated. The 
dirt derives from several sources most notably the paper 
and the ribbon. The dirt may become lodged between the 
pivot shaft and a' hammer and scratch either due to the 
motion of the hammer. It is analagous to having a piece 
of dirt in the cylinder of a car. Due the rapid, repeated 
motion, the dirt does a lot of damage to the surrounding 
metal:. In the case of the hammer where it is extermely 
important to maintain a clean sufa'ce and low friction 
between the hammer and the shaft, dirt can ruin the 
entire assembly.  If dirt were to get between the hammer 
25 
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Figure. 3-11s   Front Plate 
and the shaft, the resulting scratches would increase the 
friction between the hammer and the shaft and slow down 
the flight of' the hammer. Tt would require a greater 
initial force to overcome the friction between the 
26 
components and the greater frictional force would cause 
the hammer to decelerate more quickly. For these reasons 
It is very important to keep the pivot area of the hammer 
block clean. 
In summary, the assembly process  consists  of  the 
following steps: 
1. The stator block assembly is placed in a 
fixture to hold it securely during the 
assembly; 
2. The springs are placed in the stator block 
assembly; 
3. The plungers are placed on top of the springs 
in the stator block assembly; 
4. The comb bar: assembly is placed on top of the 
stator block assembly and fastened with two 
screws. The placement of the comb bar assembly 
on the stator block assembly also serves to 
retain the springs and the  plungers as  the 
~~ ~twtfi—or—the-cowB-pTrs-s- •do^n-^Tr"nre~pxu^gers— 
and the springs; 
5. The coils are placed over the exposed stators; 
6. The guide is placed on the comb bar assembly 
and connected loosely with two screws. It< will 
be  adjusted and the screws tightened during 
27 
the testing of the part; 
7. The hammers are laid in the comb bar assembly 
and the guide with the tajis of the hammers 
inserted into the coils? 
8. The pin connector is inserted throuqh the 
holes in the hammers; and 
9. The faceplate is put on, adjusted and fastened 
with seven screws. 
3.2 CADAM; 
The system used was the Computer-Graphics  Augmented 
6 
Design and Manufacturing  (CADAM)   system developed by 
Lockheed Corporation.  CADAM is a highly interactive and 
user  friendly system based on descriptive geometries. As 
the name implies, CADAM is a computer-aided design  (CAD) 
system  as  well- as a computer-aided manufacturing (CAM) 
system. As a* CAD system, CADAM offers  visualization for 
compatability  and  interference,  3-D mesh generation 
facilities, replication of  details' and full  analysis 
-c-ap-abrl-l-tfcl-e-s--^ The—aTrairys-i-s—apixl"ix3t^^TJ"S"~lTfClTi~d«-"f irritre- 
element analysis, heat transfer analysis, the calculation 
of shear and bending moments and moments of inertia. As a 
6 
CADAM is   a  registered  trademark  of  Lockheed 
Corporation. 
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CAM system, CADAM offers numerical control CNC) part 
programming, post processing and a bill of materials 
system. 
The hardware as shown in figure 3-12 includes: 
1. An IBM 4341 model group ? processor with four 
megabytes of main memory memory; 
2. Two IBM 3830 disk storage control units; 
3. Eight IB-M 3350 disk storage devices with 317 
megabytes of storage each; 
4. An IBM 3410 magnetic tape drive; 
5. An IBM 3411 magnetic tape drive; 
6. An IBM 3258 graphics controller; 
7. Two IBM 3255 graphics display controllers; 
8. Four IBM 3251 graphics displays with 
alphanumeric and function keyboards and light 
pens; 
9. An IBM 3272 display controller; 
10. Eight IBM 3277 display tubes with light pens; 
11. A Tektronix- 618 graphics display terminal;      — 
12.. An IBM 3203 model 5 printer; 
13. An IBM' 3279 2C system console; 
14. A Benson 1000 plotter controller; and 
15. A Benson 9336 plotter. 
The software includes: 
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Figure; 3-12s  Computer: System 
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1. VM/370-CMS operating system which allows up to 
16 megabytes of virtual storage; 
2.. Graphics  Access  Metheds  (GAM), which allows 
the  use of  the  3251  graphics  display 
terminals; 
3. Graphics Attach Software (GAS), which allows 
the use of the Tektronics 618 graphics display 
terminal; 
4. CADAM, the drafting software; 
5. Computer Aided Engineering: Design Systems 
(CAEDS), which is a finite element analysis 
package; 
6. Computer-graphics Aided Three Dimensiona 
Interactive Application (C'ATIA), which is a 
three dimensional, wire frame system; 
7. Geometric Design Processor (GDP), a solids 
modelling' system; 
8. A FORTAN IV compiler? 
9. A PL: 1 compiler; and 
10. An ASSEMBLER H assembler. 
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4.: ANALYSIS' 
There  are  three approaches which form the basis of 
the analysis.  They are: 
1. Eliminate all threaded fasteners; 
2. Design the part such that assembly is possible 
from one direction; and 
3. Consider the total surroundings and  function 
of- the part. 
The elimination of threaded fasteners has been 
discussed previously. Until a robot gripper is designed 
that emulates the human hand in all respects 
(manipulative, sensory and coupled coordination} threaded 
fasteners will: not be an acceptable for robotic assembly. 
Most robots today are not caoabie of testing for proper 
threading of- the screw because the robot has no way of 
knowing if the threads have aligned properly or not. At 
present, the robot assumes the threads have not crossed 
and continues with its trained motion until it either 
reaches the limit of its motion or until it is physically 
not capable of continuing the motion. Another problem 
with robots and threaded fasteners is that robot wrists 
have certain physical limits on how far they can turn at 
one time. This means that the actual process of threading 
the screw is slow just as it is with the bare human hand. 
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Presently  threaded fasteners are not viable alternatives 
for wide scale use in robotic assembly. 
It is possible to use threaded fasteners in  robotic 
assembly especially those employing" a Whitworth thread. A 
Whitworth  thread  has  a  constant  thread  angle  of 55 
degrees as opposed to the Unified Screw Thread which has 
7 
a  constant  thread  angle  of. 60 degrees .  The smaller 
angle of the  Whitworth threads  is< more conducive to 
threading so starting the screw is easier. 
The  second  concept,  desiqning  the  part  so that 
assembly occurs only In one direction,  Is  important  to 
any  assembly operation, manual or robotic. Assembly from 
one direction means that everything stacks on top of  a 
single base  part.  This approach of stacking will often 
in itself decrease the number of' connectors  required. 
Many connectors are used as intermediate holding devices 
until the final' connection is made. Also, connectors  are 
used to hold parts together so  that the unit can be 
turned or flipped. These manipulations can be eliminated, 
however, by better design that uses gravity to hold the 
parts  together until the final connection is made.  This 
7 
Pa'rmley,   Robert  0.,  Eaadaaalt at' Eas.taai.na and LLaiaiaa, 
McGraw-Hill,   Inc.,   New  York,   1.977,   pp.   1-2,   1-3. 
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concept Is desireable for robotic assembly because it 
eliminates the need for a second hand to hold 
Intermediate sub-assemblies while others are being 
assembled. 
The concept of assembling from one direction also 
reduces the complexity of the fixturinq required. In 
order to assemble a component from several directions, 
the base part must be constrained opposite every 
direction from which assembly occurs1. It may also be 
necessary to constrain the nartlaT assembly in completely 
different directions if later parts are added from 
directions that are unconstrained due to parts build-up. 
Assembly in one direction eliminates1 much of this. It Is 
only necessary to constrain the base part in a single 
direction, also future sub-assemblies will not be 
unconstrained due to parts build-up. Thus, the complexity 
of the flxturing would be greatly reduced. 
If it is not posslhie to assemble from one 
direction, It Is desireable to assemble from as few 
directions as possible. In the event of multiple 
direction assembly, It Is important that assembly does 
not require the base part to be turned or flipped as 
problems may result due to temporarily loose parts. 
The most' important concept of robotic assembly is to 
consider  the  total area  in  which the component  is 
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located. The relationship between components must be 
understood to develop a design with a minimum number of 
parts that satisfies the operating requirements. 
By understanding the relationships between the 
components, designs that are easy to assemble will be 
developed quickly. To ignore the relationship of a 
component to the surroundlnqs will only result in poor 
design and difficult assembly. The result of ignoring 
the entire surroundings of a component is very evident 
today. Components are often placed in their position 
with screws. With proper consideration of the 
relationships between components, the component need not 
be connected by screws, rather it is- often possible to 
make the connection an integral part of the design. 
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5.: PROCEDURE: 
The first step in redesigning the hammer block was 
to obtain the part prints and enter them into an 
electronic data: base using CADAM. Because CADAM is very 
user friendly, the time to learn to use the graphics 
system was kept to a minimum. With the part prints 
entered into the data base, redesign could begin. The 
basic pattern was to recall a copy of the original part 
print from the data base, redesian the part, and then 
store the new design under a different label in the data 
base. It must be assumed that the functionality of all 
designs is feasible; however, some are more desirable 
than others. 
The first parts to be redesigned were the stator 
block assembly and the comb bar assembly. The underlying 
concept was how these two components1 might be connected. 
With the idea! that clip fasteners are extremely easy for 
the robot to use, the first design employed a shaft as 
shown in figure 5-1. The idea was that two of these 
shafts would' be fastened to the comb bar assembly and 
pass through the stator block assembly during component 
assembly, and be locked in Diace by the slide clip shown 
in figure 5-2. 
The problem- with this idea was the connection 
between the shafts and the comb bar assembly. They could 
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Figure 5-1:       Pin  Connectors 
37 
Figure 5-2:   Slide Clip 
be threa'ded into the the comb bar but that would violate 
the concept of avoiding threaded fasteners. The comb bar 
is< extruded aluminum, so another thought was to modify 
the die so that the shafts could become an integral part 
of the comb bar- This was not feasible because of the 
large amounts of metal that would need to be removed in 
order to create the shafts. Mso the shafts would not 
have a very large diameter making .-it difficult to machine 
the grooves for the slide clips since the shafts would 
deflect when machined. 
Another method of connecting' the comb bar assembly 
to the stator block assembly investigated was the use of 
extending clips on the sides of the comb bar as shown in 
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Figure 5-3:  Extending Clip 
figure 5-3.  The comb bar assembly would be placed on top 
of  the stator  block assembly and forced downward. The 
clips would expand around the sides of the stator block: 
and come  to rest in a notch on each side of the stator 
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block when the comb bar was snug against It. This idea 
also presented a! problem. A viable method of fastening 
the clips to the comb bar assembly had to be established. 
It: would not be feasible to extrude them as part of the 
comb bar for the same reasons stated for the pin/clip 
assembly. Another assembly was to form the extending 
clips separately and then fasten them to the comb bar. 
This would be difficult because the extending clips must 
originate from: the rear of the comb bar due to the close 
proximity of- the six hammer blocks- that form the hammer 
as'sembly. The extending clios <*oul:d have to be mounted on 
the rear of the comb bar which would be difficult because 
of the small: area: of contact between the extending clips 
and the comb bar 
Another problem with implementing the extending clip 
idea was that the notches into which the clips would come 
to- rest in the stator block" assembly would be extremely 
shallow. The' end .stators are only protected by .044 
inches of phenolic on their outer sides. It is necessary 
that the stators be isolated in order to ensure a uniform 
magnetic fi.eld in the stators. Thus, the notches in the 
stator block would have to be very thin. A thin notch 
would not provide the necessary support to hold the comb 
bar to the stator block. For these reasons, the idea of 
using extending: pins was eliminated.. 
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Another design for connecting: the comb bar assembly 
to the stator block assembly Is by combining the two 
assemblies as shown in figure 5-4. 
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Figure5 5-4:   Combined Assembly 
4i 
The general shape would be extruded from aluminum then 
the slots for the stators an<1 the hammers would be cut. 
The stators would be glued in place in the combined 
assembly with epoxy. The epoxy is necessary to isolate 
the stators from the aluminum assembly so that extraneous 
magnetic fields are not induced in any of the stators. 
There are some potential problems with this design. 
The first deals with placing the stators in the unit. If 
the stators are not properly nla'ced, the magnetic field 
from the stators may not be parallel to the axis of the 
hammer. This would affect the reaction time of the 
hammers. Another possible problem with improper placement 
of the stators is that the stator may be too far forward 
decreasing the allowable flight distance of the hammer. 
Conversely, the stator may be too far back into the comb 
bar-stator assembly which would affect the reaction time 
of the hammer. 
Another potential problem for the comb bar-stator 
bloclc assembly is that this combined assembly does not 
provide for heat dissapation. The original assembly 
provided an air gap for heat dissapation. Also, the 
stator bloclc assembly in the original: design is made of a 
phenolic which does not conduct heat very well. This 
means the heat would be concentrated in the individual 
stators. The stators were cooled by  forcing air around 
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the portion of the sta.tors which extended from the rear 
of the stator block. The aluminum of the combined 
assembly will- expand much more than the phenolic which 
may create problems from the location of .the stators 
moving. Also the heat will not be centralized which may 
present some problems for controlling the temperature of 
the unit. There are two advantages' to combining the two 
assemblies into one. The first and foremost is the 
reduction in the number of parts. The second benefit is 
the elimination of the need to connect the two components 
thus eliminating connectors. 
Another design investigated for connecting the comb 
bar assembly to the stator block: assembly employed a 
dovetail: connection between the two units as shown in 
figure 5-5. In this design, the stator block assembly is 
no longer the connecting point between the hammer block 
and the mounting: frame. Instead, the comb bar assembly is 
modified so that it becomes the connecting plane to the 
mounting frame. This implies that the entire upper 
portion of the current stator block assembly, the part 
that is used to mount the hammer block to the frame, can 
be eliminated. This< would eliminate a" significant portion 
of the phenolic- currently required to form the stator 
block assembly. It would also eliminate the three 
mounting casings currently required to mount the hammer 
4 3 
Figure 5-5:  Dovetail' Connection 
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block to the frame. In the current design, the casings 
are necessary because the Phenolic does not provide a 
stable mounting: plane for the hammer block. The aluminum 
of the comb bar assembly will provide a stable plane to 
mount the hammer block to the frame, so that it is 
possible to eliminate the casinas. The male portion of 
the dovetail: connection will be added to the stator block 
assembly. While this would add some material to the unit, 
the overall: amount of phenolic required to form the 
stator block will: be reduced. It would be Impossible to 
place the female portion of the dovetail connection in 
the stator block assembly due to the close proximity of 
the stators to the surface of the assembly. Also, placing 
the female portion of the connection in the stator block 
would involve placing an insert in the stator block die 
which would be difficult and expensive to implement. 
The modifications to the comb bar Include adding 
material: to the bar so that the assembly forms the 
mounting plane for the hammer block. The female portion 
of the dovetail: connection will also be placed in the 
comb bar assembly. These changes will necessitate 
modifications to the die that is currently used to form 
the comb bar. The die will have to be expanded to allow 
for more material:, and an insert to form the female 
portion of the dovetail will be necessary. Since the comb 
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bar is extruded aluminum, these changes will be 
relatively easy to make as compared to changing an 
Injection molding die. By modifying the design of the 
connection between the the comb bar assembly and the 
stator block assembly in the manner described, the 
locating pins currently anchored In the comb bar assembly 
would no longer be necessary. 
The theory behind the dovetail' connection is that 
the comb bar assembly would slide in from the side of the 
stator block assembly matching the dovetail parts. This 
does create a) second direction of assembly but it occurs 
at such ah early stage of the process that the fixturing 
will- not be extremely difficult. Initially, The matching 
parts of the dovetail connection will fit rather loosely. 
As> the phenolic of the stator block heats up through use, 
the male portion expands and creates a solid connection 
between the comb bar and the stator block assemblies. The 
calculations of the expansion possible in the stator 
assembly are contained in Appendix B. The results yield 
ah insignificant expansion in the important dimension, 
the width of' the dovetail. Thus', the portions of the 
dovetail will; have to be fairly close in size initially 
which may create problems in connecting the components. 
Another problem with this design is that while the 
phenolic  is  expanding,  the aluminum will be expanding 
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also. Because aluminum has a' coefficient of thermal 
expansion of .376 mm/mm C and the coefficient of thermal 
expansion for the phenolic is only .0000175 mm/mm C, it 
is1 clear that the aluminum win. expand more than the 
phenolic. This' means that the aluminum will eventually 
expand more than the phenolic causing the connection to 
loosen. 
The next problem area investigated dealt with 
eliminating the springs and plungers which currently 
return the hammers to their rest positions. A first idea 
was to leave the springs and plungers as they are and 
design fixtures and tooling to allow the robot to quickly 
insert them into the stator block. While this idea was 
technically feasible, the implementation would be 
expensive and difficult. It would be expensive because 
very specialized tooling would need to be developed. 
Tooling which would include the following: 
1. f eeder/'orienters for the springs; 
2. feeder/'orienters for the plungers; 
3. a tool! that  allows  the  gripper to pick up 
several: springs at once? and 
4. a' tool: that allows  the gripper to pick up 
several: plungers at once. 
The  implementation would be  difficult due to the 
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size and material of the parts. The springs are made of 
steel which is easy to pick uo if a magnet is used. The 
plungers are plastic and very small: and would prove to be 
extremely difficult for the robot to handle. In this 
case, dual systems would need to be developed, one for 
the springs and one for the plungers'. 
The second idea investigated employed the electronic 
circuitry of; the printer. If. the stator can create the 
striking motion of the hammer why not use it to create 
the return motion as well. This would be accomplished by 
reversing the current in the coil. Thus reversing the 
direction of< the magnetic field induced in the stator. 
However, the hammers as currently designed are attracted 
to any magnetic field, regardless of the direction. It 
is< necessary then, to alter the design of the hammer so 
that it can discriminate between the directions of the 
magnetic field in the stator. The means to accomplishing 
this goal- involve inserting a permanent magnet in the 
hammer as shown in figure 5-6. The permanent magnet 
would be attracted to one magnetic field and repulsed by 
the opposite magnetic field. On the surface this appears 
a' very simple solution. However, it is not without 
problems. 
The first and foremost problem deals with the 
current requirements  to operate  the system.  In the 
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Figure 5-6:   Hammer with a Permanent Magnet 
present design, the current is induced In one direction 
only so the decay of the current is not important. In 
the modified design, the current is induced in both 
directions in very rapid succession so that residual 
currents become an- Important consideration. If the 
current that initiates the forward motion of the hammer 
does not decay rapidly enough, the residual current will 
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Interfere with the current that returns the hammer to the 
rest position.   This may mean that the hammer would not 
be in the proper location when the next cycle is started. 
Another problem consists of maintaining  the hammer 
in  the rest position. In order to move the hammer to the 
rest position,' a' magnetic  field  opposing  the magnetic 
field of the permanent magnet in the hammer, will have to 
be  generated.   This  will drive the base of the hammer 
away from' the stator and the too of the hammer toward the 
comb bar assembly.  For active hammers  this  field  will 
have to decay rapidly so the firing magnetic field can be 
created. If a' hammer is not used for' several lines, as is 
often  the case for those hammers at the upper end of the 
print line, the current would decay to such a point  that 
the natural! attraction between the permanent magnet and 
the stator becomes greater than  the opposing residual 
magnetic  field.   Thus,  the top of the hammer would be 
moved forward,  Interfering with  the print band and 
creating characters In undeslrerf locations. To alleviate 
this problem it would be necessary to create a standing 
magnetic field in the stator to hold the hammer In a rest 
position.  Mot  only would this be difficult to develop, 
but the electricity used by the  hammer  assembly would 
double,  or  possibly even triple, increasing operating 
costs. 
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Another design under consideration Involved one 
cantilever spring with twenty-two tabs as shown in figure 
5-7. 
rt 
Figure' 5-7:  Cantilever Spring 
The ends of the spring would be pla'ced in slots in the 
st'ator block assembly. In this design, it would require 
only one motion to place the springs for the entire 
hammer block:. Since the springs would be made of steel, 
it would be necessary to coat them to prevent each from 
conducting and distributing extraneous magnetic fields. 
The coating could be polyethylene therephthalate which Is 
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also used to coat the guide. 
A potential: problem with this spring design concerns 
the endurance of the cantilever springs versus that of 
the coil- springs currently used. If one of the cantilever 
springs goes bad, the entire unit must be replaced. This 
may cause the design to become quite uneconomical. 
Another design investigated would have moved the 
position of the springs completely. The flat spring shown 
in figure 5-8 would be attached to the front plate. This 
shows the springs which return the hammers to rest be 
noved from below the pivot point' and behind the pivot 
shaft to a: position above the pivot point and in front of 
the pivot shaft. Since the moment arm of the springs 
changes, the spring constant will' have to be changed as 
well. The calculations to develop the new spring constant 
are contained in Appendix C. The potential problem with 
the flat spring idea is that the springs may not last as 
long as the coil' springs. Also, if one spring fails 
every spring must be replaced. 
Another problem area Involved connecting the front 
plate to the comb bar assembly. The underlying goal is 
not to actually attach the front plate but to hold the 
hammer pivot shaft in place. The first idea' investigated 
involved machining a groove in the front of the front 
plate  as  shown  in figure  5-9.   Connecting pins that 
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Figure 5-8:  Fiat Spring 
or'Iginted in the stator block assembly would extend 
through the comb bar and the front plate. With the tips 
of the connecting pins extending" above the front plate 
the front plate- would be secured using the clips shown in 
figure 5-10. The clips are designed so that they require 
only one motion to assemble. 
The disadvantage to usinq this idea is found in the 
connecting pins. These pins would have to be molded into 
the stator assembly to provide continuity in the 
unit.Also due to the magnetic fields in the stator block 
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Figure- 5-9:  Front Plate for Clip Connector 
assembly the pins* would have to be made of, aluminum in 
order to prevent the pin from conducting maanetic fields. 
Aluminum, has poor fatigue properties though, and may 
deform during operation. The pins may deform for two 
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Figure 5-10:  Front Plate Clip 
reasons. First they are thin so that they do not 
interfere with the operation of the hammers. Second, the 
temperatures of the hammer unit in conjunction with the 
force exerted on the pin by the clip will exploit the 
major weakness of aluminum: it creeps. 
Yet another design investigated, eliminated the 
front plate completely. The primary purpose of the front 
plate is to Keep the hammer pivot shaft in place. In this 
design the comb bar is modified so that it provides the 
necessary support for the hammer pivot shaft. The 
modified comb bar is shown in figure 5-11. Not only 
would this design eliminate the front plate completely, 
it: would also eliminate the need for another connection. 
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Figure 5-11:  Comb Bar to Constrain Shaft 
This design would help the hammer block to dissipate heat 
since it is no longer completely enclosed. The front of 
ever/ unit would be open. 
It may be argued that this design will make placing 
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the pivot shaft through the hammers* extremely difficult. 
This difficulty can be kept to a minimum if the end of 
the hammer pivot shaft Is beveled as shown in figure 
5-12. 
Figure: 5-12:   Beveled Pivot Shaft 
The modified shaft plus careful programming of the robot 
will allow a: fast easy assembly of the hammer block. 
The final: design investigated for attaching the 
front plate to the comb bar assembly is the simplest. 
Instead of' using screws to hold the plate, slotted, 
tubular spring pins' as shown in figure 5-13 would be used 
to secure the plate. The pins would be forced into an 
unthreaded hole and the friction between the pin and the 
wall: of the hole holds the pins in place. The analysis to 
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Figure: 5-13:   Slotted Tubular Spring Pin 
support .the slotted tubular spring pin idea is contained 
in Appendix' D. 
The next problem area reviewed dealt with the system 
that is used to adjust the flight time of the individual 
hammers. Currently this is performed by twenty-two 
screvs. Such a design is undesireable because each screw 
must be threa'ded through the comb bar, which is very time 
consuming. The screws are used because they offer 
virtually infinite adjustment. Infinite adjustment is 
necessary because  there are  at  least three separate 
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pieces between the mounting frame, on which all hammer 
blocks are mounted, and the individual hammers. Each 
piece has a' dimension plus a tolerance on that dimension. 
Thus the tolerance build UD creates a wide range of 
possible distances over which the hammers must travel. 
For certain operations a slight tolerance build up 
is- acceptable. In the operation of a hammer unit for a 
high speed printer, no tolerance build up is acceptable. 
The ideal: flight' time of the hammers is' only 1560 
microseconds. That is, from the instant the coil is 
energized' until: the hammer strikes- the print band, 1560 
microseconds should pass. In testing, the median flight 
time of five fires must be within plus or minus 7.5 
microseconds of the ideal flinht time. If the standard is 
not met, the flight time must be adjusted. The tight 
tolerance on the flight time of the hammers is necessary 
to produce fast, accurate print. This tight tolerance 
also necessitates- a completely adjustable control system. 
The screws which are currently used serve all of the 
above functions. They also allow looser tolerances on the 
components which helps to keep manufacturing costs down. 
Knowing: that the tolerance build up from the 
mounting frame to the hammers is the primary reason for 
the existance of the adjusting screws, the first design 
studied tried to eliminate the tolerances. By eliminating 
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the tolerances it was thought that the adjusting screws 
could also be eliminated. In order to eliminate the 
tolerance build up between parts it would be necessary to 
combine all; of the intermediate parts into one part as 
shown In figure 5-14. 
The ideal' distance for an acceptable flight time 
would be calculated and referenced from the mounting 
frame. There would be a very tight tolerance on the ideal 
distance. While this tight tolerance would drive up the 
cost to manufacture the components it was theorized that 
the savings from a' reduced number of components, reduced 
assembly time and reduced service necessary would more 
than offset this Increased cost. 
The downfall: of this desiqn is that It ignores the 
tolerances in the hammer itself. The hammer not only has 
distance tolerances- but weight tolerances as well, both 
of which greatly influence the flight time of the hammer. 
This  design  also  ignores the tolerance build up in the 
printer before the mounting block. It would be 
economically impossible to control: every tolerance so as 
to permit the successful Implementation of this design. 
Another design considered utilized a magnetic field 
to adjust the flight time of the hammers. The magnetic 
field would be created by inducing: a current in a coil 
wrapped around an  Iron pin.   The iron pins would be 
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Figure 5-14:   Ideal Distance Assembly 
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located in the same position on the comb bar that the 
adjusting screws currently occupy. This would be done to 
take advantage of the long moment arm in this position. 
The longer moment arm would mean that less force would be 
necessary to adjust the hammer. A magnetic field would be 
created along the axis of the iron pin and the end of the 
pin would be positioned such that the axis of the pin is 
perpendicular to the major axis of the hammer. 
As in the case of the hammer return system, it would 
be necessary to implant a permanent magnet' in the hammer 
to create an operable system. The permanent magnet would 
act to repulse the magnetic field induced in the iron 
pin. The strength of the field would be controlled by a 
potentiometer which would act to increase or decrease the 
current in the coil around the iron pin. For example, to 
decrease the flight: time of the hammer the current in the 
coil would be increased. This would create a stronger 
magnetic  field  along  the axis of the pin which in turn 
would repulse the. head of the hammer' further away from 
the comb bar. 
The major problem with this' design lies in the 
magnets. When the hammer is returned to the rest 
position, it will travel past the point of rest and 
strike the iron pin. Magnets are very brittle and the 
repeated impact every time the hammer is fired may cause 
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the magnet to shatter. Also, since the magnet is capable 
of travelling' behind the firing point, there would be 
some oscilliations before the hammer' is ready to be fired 
again. This oscillation would be caused by the the hammer 
return mechanism and the hammer adjustment system 
operating' against- each other. It is not possible for 
either system to have the rigidity necessary to avoid 
oscillations, in order to Implement this design the 
oscillations will need to be damped in a known, 
consistent manner. If the oscillations are not controlled 
the hammers will: not be in the same position for firing 
every time. This will create an inconsistent print line. 
Another design investigated to control the flight 
time of the hammers- kept the adjusting screws but changed 
the method by which they are mounted. Instead of placing 
the screws in the aluminum comb bat', the screws would be 
cast in a: plastic piece as shown in figure 5-15. The 
Plastic piece would then be mounted to the comb bar 
assembly. By casting the screws in plastic, the task of 
inserting: the screws could be accomplished in one step. 
The problem with castina the screws in plastic is 
that the plastic does not have the toughness necessary to 
withstand the impact of the return of the hammer. When 
the hammer returns to the rest position it strikes the 
adjusting screw.  This  repeated  impact  and  high 
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Figure 5-15:   Screws Mounted In Plastic 
temperatures of the hammer unit will cause the plasti.c_Jtcu- 
creep.  If  the plastic creeps, the hammers will require 
constant adjustment in order to insure consistent print 
quality. 
Another problem with this idea is that the aluminum 
of the comb bar win expand more than the plastic which 
holds  the  adjusting screws.   This would cause  the 
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connection between the comb bar assembly and the plastic 
which holds the adjusting screws to loosen which would 
cause the entire hammer adjusting: screw unit to vibrate 
from the hammers constantly striking it. The motion of 
the adjusting unit would cause a' serious degradation in 
the print consistency and quality. 
Another problem area examined involved designing the 
hammers to allow easier assembly between the hammers and 
the pivot shaft. The first design considered removing a 
portion of the hammer to allow the shaft to merely be set 
in place. This design is shown in figure 5-16. The 
problem with this design is that the hammer is not fully 
constrained. When the hammer is fired and the top portion 
moves forward there is a Dortion of the hammer itself 
which is not constrained. When the hammer is not 
constrained there is a possibility that control over the 
hammer will be lost'. 
Another design investigated put a small pivot shaft 
in every hammer as shown—i-n—f^.-g\iTe^—5-i"7^—~ This design 
would certainly make assembly much easier. Instead of 
having to place the hammers in the comb bar and then 
insert the pivot shaft through the hammers, it would only 
require that the hammers be placed in the comb bar. The 
material that the shafts are made from would not have to 
be  as  frictionless  because there  would no longer be 
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Figure 5-16:  Hammer to Facilitate Shaft Placement 
several hammers rotating about the same shaft. The main 
problem with the design concerns the side to side motion 
of the hammers. In order to insure that every hammer and 
shaft fits in place, it will be necessary to leave a 
slight gap between each unit. This gap would also insure 
that the hammers be isolated from' each other so that 
there  is  no interference  in the  motion of a hammer. 
66 
Figure 5-17:   Hammer With Own Shaft 
Though this gap is necessary for these reasons it also 
creates a problem. The gap means that the entire hammer 
can shift between the sides of the groove in the comb 
bar. This in itself is not detrimental to the successful 
operation of the hammer block. The problem arises when 
the shafts from neighborino hammers interfere with the 
motion of another hammer. 
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The final' problem area investigated involved 
designing the coils' to allow for faster assembly. Since 
the coils already slide into place, no major design 
changes were made. Instead, different methods for placing 
the coils over the stators were explored. 
The first method souoht to place all the coils in 
place at one time. This design is shown in figure 5-18. 
111
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Figure 5-18:   Connected Coils 
The  inside  edges of the the coils would be chamfered to 
help the coils slide over the stators. There would be no 
other  changes  to the  coils  themselves. They would be 
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manufactured as they currently are, after which, 
twenty-two of them would be combined into one assembly. 
The problem with this desian is that' the coils eventually 
need replacement, though not all at: the same time. Those 
coils which are used most often usually require 
replacement more frequently than those not used so often. 
With this design if a single coil needs to be replaced 
the entire assembly must be replaced. This is wasteful. 
Another alternative studied used the same design 
changes but only connected two coils as shown in figure 
5-19« This alternative would mean that to replace one 
coil it would only be necessary to replace two coils. 
This is obviously more economical than replacing all of 
the coils. 
A problem arises with the moving coils when the 
front plate is removed. S design to eliminate this 
problem is shown in figure 5-20. The mound of plastic on 
the rear of the coils will prevent' the colls from moving 
during' operation when no front plate is present. 
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Figure: 5-19:       Two  Coil: Assembly 
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Figure  5-20:       Coil   with Retaining Clip 
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6.: FINAL! DESIGN' 
There are two complete designs that will be 
economically ana'lized. The first design uses the 
combination stator. block, comb bar, front plate assembly 
shown originally in figure 5-1.1 and again in figure 6-1. 
Since the design has no front plate, the two coil 
assembly with clips, shown oriaina'lly in figure 5-20 and 
again in figure 6-2 is used. 
The hammer return system in this design is the 
spring bar shown in figure 6-3. 
The hainmer pivot shaft for this design, shown in 
figure 6-4 was first presented as figure 5-12. 
The following components do not: change from their 
original' form: 
1. The hammers; 
2. The stators; 
3. The guide bar; 
4. The flight time adjustina screws; 
5. The  plastic  washer  for  the flight time 
adjusting' screws; and 
6. The bumper. 
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Figure 6-1:   Major Component for Alternate Design One 
73 
Figure 6-2:   Coil f:or Alternate Design One 
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Figure 6-3:   Hammer Return System For Design One 
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Figure: 6-4:   Pivot Shaft for Alternate Design One 
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The components that constitute this design are shown 
in table 6-1. 
Component #/Assembly 
Main Block 1 
Stator 22 
Flight Time  Adjusting Screw                                    22 
Washer 1 
Bumper 1 
Hammer 22 
Hammer  Pivot  Shaft 1 
Coii 11 
Guide  Bar 1 
Screws: 
Main Block/Guide  Bar 2 
Number  ot  different parts  per  block         1 1 
Total  quantity  of  parts  per  block 85 
Table 6-1:   Components of Alternate Design One 
This  represents  a 42%  reduction in the number of 
different parts per hammer  block  from the original 
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design.  It  also represents a 46% reduction in the total 
number of parts per hammer block. 
The second design uses the combination stator block, 
comb bar assembly shown originally in figure 5-4 and 
again in figure 6-5. 
This design also uses the spring' bar shown in figure 
6-3, and the hammer pivot shaft shown in figure 6-4. 
Since this design utilyzes the original front plate, 
the dual: coil'; design shown oriainally in figure 5-19 and 
again in figure 6-6 is used. 
Instead of using screws to hold the front plate to 
the assembly, this design uses slotted tubular spring 
pins as shown in figure 6-7. 
The components which remain unchanged from the 
original design are shown in table 6-2. 
This represents 26% reduction in the number of parts 
and a 40% reduction in the quantity of parts per hammer 
block from the original design. 
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Figure: 6-5:   Major Component for Alternate Design Two 
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Figure 6-6:   Coll for Alternate Design Two 
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Figure- 6-7:  Spring Pins to Hold Front Plate 
Rl 
Component #/A ssembly 
Main Block 
Stator 
Flight  Time Adjusting Screw 
Washer 
Bumper 
1 
22 
22 
1 
1 
Hammer 22 
Hammer Pivot  Shaft 1 
Coil 11 
Guide  Bar 1 
Front Plate 
Rubber Retainer 
1 
1 
Slotted Tubular  Spring Pin 7 
Screws 
Main Block/Guide Bar 2 
Number  of  different par •ts per block 14 
Total quantity  of par- ts per *  block 94 
Table- 6-2:  Components of alternate Design Two 
82 
7.: ECONOMIC; ANALYSIS 
The economic analysis was  based on comparing the 
entire cost to assemble a hammer block. This includes: 
1. The cost of' the material for the component; 
2. The  cost  to  manufacture  the   individual 
components; plus 
3. The cost to assemble the unit. 
In order to create a standard of comparison, the complete 
hammer block was analyzed. 
8 
1. The material- costs were calculated by: 
a. Calculating the volume of the part; 
b. Multiplying the volume by the density of 
the material to get the weight; 
c. Multiplying the weight: by the cost per 
pound for a general class of the 
material; and 
d. Multiplying the general cost by an 
adjustment factor for  the particular 
8 
Suxite.it'  a£i  ttat&LLals.,  Handout  in Metallurgy 63, 
Department of Metallurgy and Material Science,  summer 
1980. 
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grade of the material. 
The  density and base cost for the materials 
are contained in Appendix E. 
2. The cost  to manufacture  the  component was 
calculated In the following manner: 
a. The operations to be performed were 
listed and arranged In the order in 
which they are to be performed? 
b. For the individual operations, the type 
of machine on which the operation was to 
be performed was determined? 
c. The physical dimensions of the 
modifications were, calculated? 
d. B'ased on the degree of modification, the 
time  to  perform the  operation was 
developed uslnq a book of  standard 
9 
times ; and 
e. The cost to perform' the operation was 
calculated by multiplying the time to 
perform the operation by the cost of the 
9 
Ha'dden,  Arthur A. and Genger, Victor K., Haadhaafc ai 
SLaadatd ILtae QaLa', The Ronald Press' Company, New York, 
New York, 1954. 
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operation. 
3. The assembly costs were calculated by: 
a:. Developing  standard  times  for each 
10 
assembly step  ? and 
b. Calculating the cost by multiplying  the 
standard time by a relative hourly wage. 
7.1 Current Design 
The current design is the standard against which all 
other designs are compared. 
7.1.1 Material; Costs 
The first component material priced was the 
electrical/ iron of the stators. The volume of one stator 
is' 1.03 cubic centimeters Ccc). The adjustment factor for 
the cost of the electrical iron is 1.75. This covers the 
fact that the iron is rolled to dimension within .0005 
inch and that it is a special iron. The material cost for 
one stator is 
C1.03 cc)xC7.8 g/cc)xC. 0022046 lb/'g)xC$ 0.19/lb)x(1.75) 
= $ 0.06 per stator. 
10 
ibid. pp. 408-426. 
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For twenty-two stators, the cost Is 
22x($- 0.06) = $ 1.30. 
The mounting casinos In the stator block assembly 
have a volume of .57 cc and a cost factor of 1.0. This 
assumes that the mounting casings1 are plain steel. The 
cost of the material for the mounting casings Is 
(.57 cc)x(7.8 g/'cc)x(.0022046 Ib/g)x($ 0.19/lb)x(1.0) 
= s 0.02 per casing. 
For three casings per assembly, the cost Is 
3x($ 0.02) = S 0.06 per assembly. 
The phenolic that forms the body of the stator block 
assembly has a: volume of 84.01 cc and a cost' adjustment 
factor of 1.9, which covers the fact that the phenolic Is 
30% glass filled.  The cost of the phenolic is 
(84.01 cc)X(1.9 g/cc)X(.0022046 lb/g)x($ 0.42/lb)x(1.9) 
= $ 1.55 per stator block. 
The aluminum that forms the comb bar has a volume of 
65.2  cc  and a' cost adjustment  factor  of 1.15 which 
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assumes the aluminum is not merely aluminum but an alloy 
to obtain better material Droperties1. The cost of the 
aluminum is \ 
(65.2   ccDx(2.7   g/cOxC.0022046   lb/g)x($   0.60/lb)x(l.15} 
=  s   0.27  per  comb  bar. 
The volume of the front plate is 31.1 cc of aluminum 
and has a cost adjustment factor of 1.15. The cost of 
the material; for the front plate is 
(31.1 cc)x(2.7 g/cc)x(.0022046 lb/g:)x(S 0.60/lb)x(l. 153 
= s 0.12 per. plate. 
The hammer pivot shaft has a volume of .88 cc and a 
cost adjustment factor of 3.0. The cost of the material 
for the pivot shaft is 
C.88 ccDx(8.9 g/cc)x(.0022046 lb/g)x($ 0,90/lb)x(3.0) 
- s 0,05 per shaft. 
The volume of  the  guide  bar  is  8.8  cc.  It  is 
aluminum  and has  a cost adjustment factor of 1.15. The 
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cost of the aluminum for the cnilde bar is 
C8.8 cc)xC2.7 g/'cc)xC.0022046 lb/g)xC$ 0.60/lb)xU.15) 
= $ 0.0 3 guide bar. 
The guide bar is coated with a plastic that serves as a 
lubricant. The volume of the plastic Is 2.6 cc and has a 
cost factor of 20.0. The cost of the plastic for the 
guide is 
C2.6 cc)x(2.l5 g/cc)x(.0022046 lb/g)x(s 0 ,42/lb)xC20.0) 
= s 0.11 per guide bar. 
The hammers are steel and have a volume of 3.57 cc. 
The cost adjustment factor Is 1.75. The cost of the 
material for the hammers is 
(3.57 cc)x(8.9 g/cOxC. 0022046 lb/g)x($ 0.19/lb)x(1.75) 
= s 0.03 per hammer. 
For a' hammer block, the cost Is 
22xC$ 0,03) = S 0.66 per: hammer block. 
The single, plastic washer  that helps  retain the 
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hammer flight time adjusting screws is made of a vinyl 
chloride. It has a' volume of 4.2 cc and a cost adjusting 
factor of 1.0. The material costs for the washer are 
C4.2 cc)x-(1.16 g/cOxC. 0022046 ib/g)x(S 0.42/lb)x(l.0) 
= s 0.01 per washer. 
The plastic bumper that dampens the noise of the 
hammer return has a volume of 2.2 cc and a cost 
adjustment factor of 1.0. The material cost of the bumper 
is- 
C2.2 cc)xC1.16 g/cOxC.0022046 lb/g)x(S 0,42/lb)x(1.0) 
= s 0.01 per bumper. 
The rubber strip that is fastened to the bottom of 
the face plate and holds the coils In place has a volume 
of 5.3 cc and a! cost adjustment factor of 1.5. The cost 
of the material: for' the rubber strip is 
C5.3  cOX'Cl.35  g/cc)x(.0022046   lb/g)xCs   0.42/lbOxCl .5) 
=   S  0.01   per  strip. 
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The plunger of the hammer return system Is plastic 
and has a' volume of .02 cc and a cost adjustment factor 
of 1.2. The cost of the material for the plunger is 
C. 02 cc)xC1.16 g/cc)x(.0022046 lh/g)x(S 0 . 42/lb)x( 1.2) 
=■ s 0.005 per plunger. 
For a: complete hammer block: 
22x($ .005) = s O.lt ner complete assembly. 
The component's  shown in table 7-1 are delivered in 
finished form,  therefore,  material costs are  already 
included.  The  costs  shown with the  components  are 
estimated costs, costs shown with the components are 
estimated costs. 
The total; material costs for one hammer block as it 
is1 currently designed is S 12.10. 
7.1.2 Manufacturing' Costs 
In manufacturing there are certain operations  that 
are considered universal.  The times  to perform these 
operations are based on equations that have proven to be 
11 
accurate  .  If an equation is not capable of describing 
11 
ibid., pp. 156-158, 231, 280, 441. 
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Cost  per Number per Cost per. 
Component Unite $) Assembly Assembly 
Hammer  return 
spring .03 22 0.66 
Flight time 
adjusting screw .05 22 1.10 
Coil .50 22 1 1.00 
Screw .05 1 1 0.55 
Locating  pin .03 3 0.06 
Table: 7-1:  Components Delivered in Finished Form 
the time to perform one of the operations, the times have 
been developed experimentally. These universal operations 
include: 
1. lathe operations; 
2. milling'; 
3. drilling; 
4. grinding'; 
5. precision boring; 
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6. broaching? 
7. horizontal: and vertical boring; 
8. planing and shaping? 
9. punch press operations; and 
10. arc welding. 
For this analysis the time to Derform these operations 
was developed using a book of standard time data. 
Dnce the manufacturing time of the part is 
developed, the cost of manufacturing the part is 
calculated by multiplying the time by an hourly rate. For 
the analysis this hourly rate for all manufacturing 
operations is considered constant at s 10.00 per hour. 
While this may not be realistic, the key to the analysis 
is< consistency because we are comparing two alternatives. 
As- long as the comparisons are performed with consistent 
data a reasonable answer will emerge. 
There are certain ooerations which do not lend 
themselves to such systematic analysis. For these 
operations it' will be assumed that the material1 costs 
represent a certain fraction of the total cost of an 
item. It must also be remembered that manufacturing costs 
12 
ibid. 
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represent only a fraction of the total cost. Thus the 
material- cost can be transformed Into a total cost and 
this total cost transformed back: to a manufacturing cost. 
The first component analyzed for manufacturing cost 
was the stators. The part print indicates that the 
stator is created by a Diinch press. The physical 
dimensions of' the operation are: 
Stocic thickness      0.09 in. 
Stock width 1.00 in. 
Using: the table in the reference for blanking, the 
time tc punch 1000 stators is 72.1 minutes. Therefore the 
time to punch twenty-two stators is 95.2 seconds. Thus 
the cost of manufacturing the stators for the hammer 
block is 
(95.2 sec)xCl min/60 sec)xCl hr/60 mln)x(s 10.00/hr) 
=S 0.26. 
The manufacturing cost of a mounting casing is also 
calculated by the standard time method. The casing 
requires that a' hole be drilled through the part.. The 
diameter of the hole Is .3 in. and the length is .5 in. 
Assuming a' feed rate of 12.fl inches per minute and a 
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spindle speed of 1833 revolutions per minute CRPM), the 
cost to rcanufa'cture a casing is 
C.0008 hr)x($ 10.00/hr") = $ o.oi per casing. 
For three ca'sitig's the cost is 
3xC .01) =■ $ 0.03 per assembly. 
The manufacturing time of the stator block assembly 
is- not calculated as easily as that of the stator. The 
stator block, assembly is lnlection molded which is not a 
universal; operation as the other's are. The time to 
complete ah injection molding cycle is dependent upon 
several factors, including: 
1. The size of' the part; 
2. The composition of the plastic; 
3. The geometry of the part; and 
4. The number of inserts in the mold. 
Therefore the manufacturing cost of the statoY^block 
assembly is calculated by the indirect method. Once the 
stator block assembly has been formed, it requires an 
operation to insure planar mounting. It also requires an 
operation to make the two rows of st'ators each planar as 
well as the front- of the the mounting casings. These four 
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operations are performed In the following order: 
1. The  side  of  the  assembly  that  forms the 
mounting plane is ground flat? 
2. Referencing from  the mounting plane,   the 
bottom row of stators is ground flat; 
3. The top row of stators is ground flat; and 
4. The  front  of the mountino casings are ground 
flat. 
All four of these operations will  be performed on a 
grinder. 
The first step is to calculate the cost of forming 
the stator block assembly. The cost' of the material for 
the stator block is 
phenolic    s 1.55 per block 
stators     s 1.32 per assembly 
casings     s 0.06 per assembly 
total       S 2.93. 
The breakdown of total costs is: 
labor  25% 
material  40 % 
overhead  35 % 
100 %. 
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Thus the manufacturing cost for the stator block assembly 
is- 
C.25)x(l/'.40)xCS 2.93) =S 1.83 per stator block assembly. 
The material removed in the process of grinding the 
mounting plane and the other surfaces will be less than 
.015 inch. The diameter of the grinding wheel is 4 inches 
and the speed of the wheel is 40 surface feet per minute 
(SFPM). Therefore the cost to perform the grinding 
operation is 
C .0110 hr)x($ 10.00/hr) = s o.n. 
This  operation must be repeated 3 additional times.. Thus 
the total cost for grindino the stator block assembly is 
4x($ .11) = $'■ 0.44 per assembly. 
The manufacturing processes necessary to create  the 
comb bar are: 
1. Extrude the bar; 
2. Cut to the proper lengthy 
3. Drill and tap manufacturing holes; 
4. Mill the groove for the hammer pivot shaft; 
5. Mill  the slots  for the hammers usincr a gang 
mill? 
6. Drill and tap the holes for: 
a. The' stator block connecting screws (2); 
b. The flight time adjusting screws (22)? 
c. The  hammer block mounting screws (3); 
d. The faceplate connecting screws (7); 
7. Drill the holes for: 
a:. The guide bar mounting screws (2); and 
b. The locating Pin holes (3). 
The first step in calculating the manufacturing cost 
for the comb bar is calculation of the cost of extruding 
the aluminum. Extruding is not a' standardized operation 
so- that the indirect method of developing costs will be 
employed. The material cost for the comb bar is S 0.27. 
Therefore the manufacturing cost for the extrusion is 
C.25-)x(l/-.40)x"C$ 0.27) = s 0.17 per bar. 
The extrusion is then cut to length. The width of 
the cut is 1.6 in. and the depth of-the cut is 1 in.. 
The cost of the cut is 
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(.0194 hrs/in)x(l In)x(S 10.00/hr) - S 0.19 per cut. 
The manufacturing holes are drilled and tapped. The 
diameter of the drill Is .3125 in., and the depth of the 
hole  Is  .5 In.. The feed for the drill Is 14.6 in. per 
minute,  and  the  spindle  speed  is  3660  RPM. The 
manufacturing: cost Is 
C.0007 hrs/hole)x(S 10.00/hr) -. S 0.01/hole. 
For two holes the cost to drill Is 
($ 0.01/hole)x(2 holes) = s 0.02. 
To tap the manufacturing holes, a 4-40 tap Is used at 680 
RPM. The cost to tap the manufacturing holes is 
C.0016 hrs/hole)x(2 holes)xf$ 10.00/hr) = $ 0.03. 
The cost to drill: and tap the manufacturing holes is 
driia: 
tap 
total- 
$ 0.02 
$ 0.03 
$ 0.05, 
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Locating from the manufacturing holes, the next step 
is' to mill- the groove for the oivot' shaft. The length of 
the groove is 4.4 In., the maximum depth is .125 in., and 
tne feed rate for the cutter Is 2.84 In. per minute. 
The cost- is therefore 
(.0474 hr)x(S10.00/hr) = s 0.47. 
The  next step is to create the slots into which the 
hammers are placed. All twenty-two slots plus the outer 
surface  of the end slots will be milled at the same time 
using a gang' mill:. The length of the slots is  i.l  in., 
the stock  removed per side Is .083 In., and the feed is 
.28 In. per minute. The cost to mill the slots is 
(.0651 hDxCS 10.00/hr!) = s 0.65. 
The time to drill and tap, (if necessary), the 
holes, and the associated costs are contained In table 
7-2. 
The hammer pivot shaft is sintered bronze. Sintering 
is< not a- universal: operation so the indirect method will 
be used to calculate the cost of manufacturing the pivot 
shaft. The material cost for the shaft is S 0.05. 
Therefore the manufacturing cost is 
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Hole 
Description 
Drill 
Dia. 
(in) 
Depth 
of 
Cut 
Feed 
in/ 
Min 
RPM Time 
(hrs) 
Tap 
Size RPM Time 
(hrs) 
Total 
Cost 
($) 
Stater 
Block 
Connecting 
<2X) 
.093 .5 23 1 196C 0004J 4-40 1460 .0009 .03 
Flight Time 
Adjusting 
(22X) 
.093 .too 24 9170 0006£ 4-40 1460 .0010 .36 
Hammer 
Block 
Mounting 
<3X) 
.1 160 r .to 29.7 9800 .0005 8-32 1000 .0008 .0.4 
Front Plate 
Mounting 
<7X) 
.125 .5 13 51 100 .0006 2-56 760 .0008 .10 
Guide Bar 
(2X> 
.125 .5 18 9170 .0005 .01 
Locating 
Pin 
<3X> 
.1875 .33  18. 6120 .0004 .01 
Table 7-2:   Costs to Drill Holes In Comb Bar 
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C.25)x(l/.40)x(S 0.05) = S 0.03. 
This figure seems low due to the fact that we are using 
ah average breakdown of costs to calculate the 
manufacturing costs. The cost will not matter in the 
comparison because the shaft Is not eliminated or 
drastically modified. 
The front plate requires three manufacturing steps: 
1. The unit- is die cast? 
2. The front of the plate Is face milled; and 
3. The rear of the plate is face milled. 
Since  die  casting  is not  a  universal operation, the 
manufacturing cost will be developed indirectly. The cost 
of the material for the plate is $0.12.   Therefore the 
cost to manufacture the plate is 
(.2S)X'(l/.40)x.(S 0.12) = s 0.08. 
The faceplate only requires a' clean up mill to give 
it: a smooth surface. Based on the milling marks on the 
plate, the diameter of the cutter is 5 in.. The feed for 
the cutter Is 20 In. per minute. The cost to face mill 
the two sides of the faceplate is 
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(.0025 hr)x(5)xC2 sides)xfS 10.00/hr) = S 0.25. 
The manufacturing cost of the hammers is very 
difficult to calculate. There are dozens of operations 
involved in their manufacture and determining the optimal 
order of- the operations is difficult. However, since the 
hammers will: not change from design to design, a fixed 
cost of S 1.00 per hammer will be assigned as the 
manufacturing cost. 
The guide bar requires five manufacturing processes 
to create. They are: 
1. The general: shape of the bar is etruded; 
2. The bar is cut to length; 
3. The slots' for the hammers are gang milled; 
4. The holes that help to fasten the guide to the 
comb bar assembly are drilled and tapped; and 
5. The  teeth  of  the  guide  are  coated  with 
polyethylene therephthalate. 
Using the indirect method, the cost to extrude the 
guide bar is 
C.25)xCl/'.40)xC$ 0.03) = $ 0.02. 
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The  width of the cut is \   in., and the depth of the 
cut Is .4 in. The cost to cut the bar is 
C.001 hr)x(S 10.00/hr) =S 0.01. 
To create the slots, a ganq mill  is employed  that 
also faces  the  ends  of the guide bar. The length of a 
slot is .4 in., the feed of the cutter is 9.875  in.  per 
minute.  The cost to mill the slots is 
C.0457 hr)x(s 10.00/hr) = $ 0.46. 
The mounting' holes  to be drilled use a .0465 in. 
diameter drill', a' feed rate of 1.2 in. per minute at 917 
RPM, and a: tap of size 2-56 at 6R0 RPM. The cost to drill 
and tap the two holes are 
C2 holes)X(.0003+.0009)x(S 10.00/hr) = $ 0.02. 
The cost to coat the guide is calculated by the 
indirect method based on a cost of material of $ 0.11 for 
the coating and $ 0.03 for the guide bar. The cost is 
C.25)xCl/'.40)x($ 0.14) = S 0.09. 
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The components In table 7-3 are listed with their 
manufacturing: cost which was developed using the indirect 
method. 
Manufacturing 
Component Cost <$) 
Plastic  washer 0.01 
Bumper .0.01 
Rubber strip 0.01 
Plungers 0.07 
Table; 7-3:   Manufacturing Costs 
The total: nvahufacturinq cost for one hammer block as 
if is currently designed is s 27.68. 
7.1.3 Assembly. Costs 
The cost to perform assembly operations manually is 
$ 20,00 per hour. To assemble the present hammer block, 
three components need to be considered. They are: 
1. The comb' bar assembly must be put together; 
2. The front plate must have the rubber  strip 
attached; and 
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3. The hammer block must be assembled. 
The  first  assembly  Is  the comb bar assembly. The 
assembly steps and times are shown below. 
Assembly Step Time Chr) 
Pick up comb bar, place in fixture 
Pick up plastic washer, place on comb bar 
Pick up screw, allign with hole in washer 
Start' screw by hand 
Run screw down with driver, .5 inch 
Repeat steps 3 through 5 twenty-one times 
Pick up locating pin, allign with hole 
Drive pin with hammer 
Repeat steps 7 & 8 two times 
Pick up, place bumper 
Total time to assemble comb bar assembly 
.0011 
.0004 
.0004 
.0007 
.0011 
.0777 
.0010 
.0017 
.0054 
.0010 
.0920 hr. 
The front plate also requires assembly before it can 
be used in the hammer block. The steps and times are: 
Assembly Step Time Chr) 
Pick up plate, Place in fixture 
A*p p 1 y g 1 u e 
,0010 
.0010 
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Pick up, position rubber strip .0060 
Total' time to assemble front plate     .0080 hr. 
The steps and time to assemble the hammer block are 
listed below. 
Assembly Step Time (hr) 
Pick up, place stator block assembly 
in fixture 
Pick up, place spring In stator block 
Repeat step 2 twenty-one times 
Pick up, place plunger in stator block 
Repeat step 4, twenty-one times 
Pick up,- place comb bar assembly on 
stator block assembly 
Reposition assembly by hand 
Pick up, alllgn screw 
Start screw by hand 
Run screw down with driver, .6 inch 
-Repeat steps 8 through 10 
Reposition by hand 
Pick up, place guide bar 
Reposition by hand 
Pick up, alllgn screw 
Start screw by hand 
.0024 
.0010 
.0210 
.0010 
.0210 
.0020 
.0004 
.0006 
.0007 
.0012 
.00 25 
.0004 
.0015 
.0004 
.0006 
.0007 
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Run screw down with driver, .6 inch 
Repeat steps 15 through 17 
Reposition by hand 
Pick up, place coils 
Repeat step 20, twenty-one times 
Pick: up, place hammers 
Align hammers 
Repeat steps 22 & 23, twenty-one times 
Pick up, place shaft 
Align shaft 
Insert shaft' 
Pick up, place front plate 
Pick up, place screw 
Start screw by hand 
Run screw down with driver, .5 inch 
Repeat steps 29 through 31 ,'six times 
Align plate 
Total: time to assemble hammer block 
.0012 
.0025 
.0004 
.0010 
.0210 
.0009 
.0060 
.1449 
.0010 
.0025 
.0170 
.0020 
.0006 
.0007 
.0010 
.0023' 
.0012 
.2636 hr. 
The  cost to  assemble  the hammer block is based on the 
time to complete all three components, which is 
Comb bar assembly    .0920 
Front Plate    .0080 
Hammer block assembly    .2636 
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Total .3636 hr. 
The  cost  to  assemble  the hammer block at a labor 
rate of $ 20.00 per: hour is 
C.3636 hr)xC$ 20.00/hr) = $ 7.28. 
The total cost: of the current design is 
Material' Costs 
Manufacturing Costs 
Assembly Costs 
$: 12,10 
$ 27.68 
S  7.28 
The total: cost for the current 
hammer block assembly is      $ 47.06. 
A' summary of* the  material  and  manufacturing costs  is 
contained in Appendix F. 
7.2 Alternate Design One 
The first alternative design analized combines the 
st'ator block,- comb bar, and front plate into one assembly 
shown in figure 5-11. This assembly also replaces the 
spring and plunger hammer return mechanism with the 
spring bar shown* in figure 5-7. Because the front plate 
is1 not employed  in this  assembly,  the coil shown in 
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figure  5-20  will be used.  The parts eliminated by this 
assembly are: 
1. The phenolic of the stator block assembly; 
2. The mounting casings  from  the  stator  block 
assembly; 
3. The springs; 
4. The plungers; 
5. The front plate; 
6. The rubber strip that held the coils in place;, 
and 
7. The screws: 
a. The two screws that fasten the comb bar 
assembly to the stator block assembly; 
and 
b. The seven screws that fasten the front 
plate to the comb bar assembly. 
The similarities between the design include: 
1. The hammers; 
2. The stators; 
3. The guide bar; 
4. The guide bar mountina screws; 
5. The flight time adjusting screws; 
6. The  plastic  washer  for  the   flight time 
adjusting screws; and 
7. The bumper. 
7.2.1 Material; cost 
The components that are grided or modified for this 
assembly will- be analyzed. The components that are the 
same from the original assembly will not be reanalyzed. 
Their costs will- be carried over from the original 
analysis. 
The main component of this assembly is the combined 
stator block, comb bar, front plate assembly. The 
combined assembly will be an aluminum extrusion and have 
a volume of 163.6 cc. The cost adjustment factor is 1.15. 
The cost for the bar is 
.(163.6 cc)xC2.7 g/cc)xC.0072046 lb/g)x($ 0.60/lb)xCL15) 
= s 0.67 per assembly. 
The next component is the soring. The spring is made 
of a phospher bronze which has- excellent spring 
qualities. The volume of the spring is .51 cc. The 
material has a; base cost of s 0.90 per pound and a cost 
adjustment factor of 20 which considers the fact that the 
metal: is a very special compound. The cost of the 
material for the spring is 
I to 
(.51 cc)x(8.9 g/cc)x(.0022046 lb/g)x($ 0.90/lb)x (20) 
= s o.IR per spring. 
The modified coil design, connecting two coils and 
adding a retaining clip will add 5 per cent to the cost 
of two coils. Thus the new coil will cost 
(S 0.25)x(2)x(1.05) = S 0.53 per coil. 
For a: hammer block, the cost for the coils is 
($ 0.53)x(in = s 5.78. 
The material costs for those components that remain 
unchanged from: the original assembly are shown in table 
7-4. 
The total: material cost for this assembly is $ 
10.00. 
7.2.2 Manufacturing Cost 
The manufacturing costs calculated for the original 
assembly will: not be recalculated if the component has 
not changed from the original design. 
The combination assembly will be extruded from 
aluminum and will  require  the following manufacturing 
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Component Cost   ($) 
Hammer pivot shaft 0.05 
Stators 1.30 
Guide bar 0.03 
Guide bar coating 0.11 
Hammers 0.66 
Washer 0.01 
Bumper 0.01 
Screws 
Flight  time  adjusting  (22X) 1.10 
Guide bar connecting <2X) 0.10 
Tab-lfi: 7-4:   Unchanged Material Costs 
steps. 
1. The shape of the bar must be extruded; 
2. The assembly must be cut to length; 
3. The maunfa'cturlng holes  must be drilled and 
tapped; 
4. The hole for the hammer pivot  shaft must be 
drilled; 
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5. The slots for the hammers must be milled; 
6. The slots for the stators must be milled; 
7. The  sl:ot  that the sprina bar' slips into must 
be milled; 
8. The holes for the flight time adjusting screws 
must be drilled and tapped; 
9. The mounting holes must be drilled and tapped; 
and 
10. The holes' for' the guide bar connecting screws 
must be drilled. 
The cost to extrude the assembly will be calculated 
indirectly. The material cost for the assembly is $ 0.47. 
Therefore,' the cost to extrude the bar is 
C25)x(l/.40)x($ 0.60) =■ $ n.42 per extrusion. 
To cut the bar to length, the width of the cut is 2 
in., the depth of the cut is 1.75 in.. The cost to cut 
the bar to length is 
C.0197 hr)xC$ 10.00/hr) = s 0.20 per cut. 
To drill: and tap the manufacturing holes, the 
diameter  of  the  drill is .3125 in., the hole is .9 in. 
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deep, the feed rate Is I4.fi in. per minute and the 
spindle speed is 3660 PPM. The time to drill the 
manufacturing: holes is 
C2 holes)x(.0023 hr/hole)x(s 10.00/hr) = $ 0.05. 
The tap is a' 4-40 tap and the spindle speed is 680 RPM. 
The cost to tap the manufacturing holes is 
(2 holes)x(.0037 hr/hole)x(s 10.00/hr) = s 0.08. 
The cost to drill' and tap the manufacturing holes is 
$ 0.OB + $• 0.05 =. S 0.13. 
To drill; the' hole for the pivot shaft,- the drill 
diameter  is  .16 in., the hole is 4.5 in. deep, the feed 
rate is 8.8 in./minute and the soindle speed is 4896 RPM. 
The cost to drill the hole is 
(.0052 hr)x($ 10.00/hr) = .$ 0.05. 
To mill; the slots for the hammers, a gang mill that 
will mill: all: the slots at once will be used. The length 
of the cut is 1 in. and the feed of  the cutter  is  .28 
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in./'min.. The cost to mill the slots is 
(.0592 hr)x(s 10.00/hr) = s 0.59. 
To mill: the slots for the stators, the cost is 
(.0667 hrDx($ 10.00/hn = $ 0.67. 
To mill' the slots for the springs, the cost is 
(2 holes)x(.0101 hr)x($ 10.00/hr) = S 0.20 
To drill- and tap the holes' for the flight time 
adjusting screws, the parameters are the same as they are 
for the original: design. From the original design, the 
cost to drill: and tap the holes is $ 0.36 for 22 holes. 
To drill' and tap the mounting' holes, the parameters 
remain the same as in the original: design but the times 
change because the—length—o-f—t&e—h-o-l-e-s-increases to .9 
in.. The cost to drill and tap the counting holes is 
(.0008 + .0012 hr)x(3 holeslxCS 10.00/hr) = s 0.06. 
The parameters to drill the holes to mount the guide 
bar remain the same. The time changes because  the depth 
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of  the  hole  changes  to  .9 in.. The cost to drill the 
guide bar holes is 
(.0008 hr)x(2 holes)x( SlO.oO/hr) = s 0.02. 
The cost to manufacture the spring bar is calculated 
indirectly. The material cost for the spring is $■ 0.18 
per bar. An additional factor has been added to serve as 
a safety factor to insure that the estimated cost to 
manufacture the spring bar is not lower than the real 
cost to manufacture the bar. The cost to manufacture the 
bar Is 
C.25)xCl/.40)xC$ 0.18)x(5) = S 0.56 per bar. 
The manufacturing costs for those components that 
are not changed from the original assembly are summarized 
in table 7-5. 
The total: mahufacturinq cost for this assembly is S 
26.15. 
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Manufacturing 
Component Cost  ($) 
Staters 1.30 
Pivot  shaft 0.03 
Hammers 22.00 
Guide  bar 0.60 
Washer 0.01 
Bumper- 0.01 
TablB: 7-5:   Manufacturing Costs 
7.2.3 Assembly Costs 
The cost to perform robotic assembly operations, as 
these designs permit, Is S 5.00 per hour. This reflects 
three shift- operation by the robot, more consistant 
quality, and lower overhead costs such as lighting, heat, 
etc. The steps and times to assemble this design are 
shown below. 
Assembly Step Time (hr) 
Plcte up, place bloclc in fixture .0011 
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Pick up, place washer on block 
Pick up, align screw 
Starts screw by hand 
Run screw down .75 Inch 
Repeat steps 3 through 5, 21 times 
Pick up & place bumper 
Reposition block by hand 
Pick up stator 
Apply epoxy 
Place stator in block 
Repeat steps 9 through 11, 21 times 
Reposition block by hand 
Pick up, place guide 
Reposition block by hand 
Pick up, align screw 
Start screw by hand 
Run screw down with driver, 1 inch 
Pick up, place spring bar 
~P~ick  up,   place'~coIT         ~~. ~~~     " 
Repeat step 20, 10 times 
Pick up, place hammer 
Align hammer 
Repeat steps 22 through 23, 21 times* 
Pick up, align shaft 
.0004 
.0004 
.0007 
.0017 
.0588 
.0010 
.0004 
.0004 
.0024 
.0006 
.07.14 
.0004 
.0015 
.0004 
.0006 
.0007 
.0020 
.0010 
.0010 
.0100 
.0009 
.0060 
.1149 
.0035 
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Insert shaft 
Total time to assemble desiqn 
.0301 
.3423 hr 
The cost to assemble the design Is $ 1.71. 
The total' cost for the unit Is 
Material 
Manufacturing 
Assembly 
for a: total cost of 
$ 10.00 
$ 26.15 
S' 1.71 
S 37.86. 
This  represents  a cost savings  of  19.6 % over the 
original assembly. 
A summary of the material and manufacturing costs 
plus the cost savings appears in Appendix G. 
7.3 Alternative Design Two 
The second alternative design analyzed combines the 
st'ator block assembly and the comb bar assembly into one 
irs«^emD~Ty "as s"h~own™~i~n figore~~~5-4"i This d e~s Tgrf ^Ts"o~ 
incorporates the spring bar shown in figure 5-7, and the 
slotted tubular spring pin shown in figure 5-13. Because 
the front piate will be used in this' design, the two coil 
assembly shown in figure 5-19 will- be used. The parts 
eliminated from the original design are? 
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1. The phenolic of the stator block assembly; 
2. The three  mounting casings  from the stator 
block assembly; 
3. The springs of the hammer return mechanism; 
4. The plungers of the hammer  return mechanism; 
and 
5. The screws that connect the comb bar assembly 
to the stator block assembly. 
The components that will remain the same  from the 
original: assembly are: 
1. The hammers; 
2. The sta'tors; 
3. The guide bar; 
4. The flight time adjusting screws; 
5. The washer; 
6. The bumper; 
7. The front plate with the rubber strip; and 
8. The ha'nvmer pivot shaft. 
7.3,1 Material! Costs 
The volume of the combined block is 131.1 cc of 
aluminum. The cost of the material for the the block is 
(131.1 cc)x(2.7 g/cc)xC.0022046 lb/'g)x($ 0.60/lb)x(i.15) 
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= s 0.55 per block. 
The cost of the slotted tubular spring pin Is 
estimated at $ 0.03 per spring oin. 
The cost of the combined coil' assembly is estimated 
to- be .5% greater than the cost of two individual coils. 
Thus the estimated cost of the coils< Is 
(2 coilS)X($ 0.25/coil)xCl.005) = S 0.503. 
The cost of the material for the remaining 
components are shown In table 7-6. ' 
The total; material cost for the design Is $ 9.97. 
7,3.2 Manufacturing Costs 
The manufacturing cost of new components will be 
developed. Those components which have already been 
analyzed for manufacturing cost will be presented as 
costs only, no detailed analysis will: be presented. 
Tfte~~new component-^o~r~l:r7l5 assembly is the combined 
block. The processing necessary to create this component 
Is' very similar to the processlno necessary to create the 
block in the first alternative design. The only changes 
are distance changes; therefore, the steps will be 
presented In the appropriate order and the new distance 
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Material 
Component Costs  ($) 
Hammers 0.66 
Stators 1.30 
Guide bar 0.14 
Flight time adjusting screws 1.10 
Washer 0.01 
Front plate with  rubber  strip 0.1 3 
Hammer  pivot  shatt 0.05 
Hammer  return  spring 0.18 
Coiis 1 1.06 
Bumper 0,01 
Table 7-6:   Material Costs 
will' be  presented, but the other parameters will not be 
-1-i-s-te-d-.—T4i-e—D-p-e-r-a-tAojiS—t&—f-o-r-m—the—b-Loxr-k—a n d—th eir.. 
corresponding: times are shown in table 7-7.  The cost to 
manufacture the block is s 2.01. 
The manufacturing costs for the other components are 
shown in table 7-8. The total manufacturing cost for 
this design is S 25.80. 
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Operation                                      Cc >st($) 
Extrude   bar 0.2 1 
Cut  to  length 0.09 
Drill  and  tap  mfg  holes 0.10 
Mill  groove  tor -shaft 0.28 
Mill  slots  for  hammers 0.32 
Mill  slots  for  stators 0.45 
Mill  slots  for  spring  bar 0.10 
Driil  and  tap   flight  adj  holes 0.34 
Drill  and  tap  mounting  holes 0.06 
Drill  guide   bar  holes 0.02 
Drill  front  plate  connecting 
holes 0.04 
Total 2.01 
Table: 7-7:  Manufacturing Costs for Main Block 
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Manufacturing 
Component Cost  ($) 
Hammers 22.00 
Stators 1.30' 
Guide bar 0.60 
Washer 0.01 
Bumper 0,01 
Front  plate 0.33 
Rubber strip 0.01 
Pivot  shaft 0.03 
Spring bar 0.56 
TablB  7-8:       Manufacturing Costs 
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7.3.3 Assembly: Cost's 
Assembly Step Time (hr) 
Assemble front plate .0080 
Pick up, place block in fixture .0011 
Pick: up, plate washer on block .0004 
Pick up, align screw .0004 
Start screw by hand .0007 
Run screw down .75 inch .0017 
Repeat steps 3 through 5, 21 times .0588 
Pick up S. place bumper .0010 
Reposition block by hand .0004 
Pick up stator .0004 
Apply epoxy .0024 
Place stator in block .0006 
Repeat steps 9 through 11, 21 times .0714 
Reposition block by hand .0004 
Pick up, place guide .0015 
Reposition block by hand .0004 
Pick up, align screw .0006 
Start screw by hand .0007 
Run screw down with driver, 1 inch .0020 
Pick up, place spring bar .0010 
Pick up, place coil .0010 
125 
Repeat step 20, 10 times 
Pick up, place hammer 
Align hammer 
Repeat steps 22 through 23, 21 times- 
Pick up, align shaft 
Insert shaft 
Pick up, place front plate on assembly 
Pick up, place tubular springs 
Repeat step 29, 6 times 
Align front plate 
Total time to assemble desicm 
.0100 
.0009 
.0060 
.1149 
.0035 
.0170 
.0020 
.0010 
.0060 
.0012 
.3304 hr 
The cost to assemble this design is $ 1.65. 
The total: cost of this assembly is 
Materials 
Ma'nuf acturinq 
Assembly 
S 9.97 
S 25.80 
$ 1.65 
s 37.42, 
which represents  a 20.5% cost savings over the original 
design. 
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8. CONCLUSION1 
It can be concluded that design to facilitate the 
assembly of a hammer bloc* from a computer line printer 
Is feasible. 
The design chosen as the best is the alternate 
design two. It employed several of the concepts of a 
successful design. 
1. It  comDined neighboring elements that did not 
move relative to one another during operation; 
2. It utilized  components  to  perform multiple 
functions; 
3. It  eliminated  unnecessary  screws  by  using 
connections that actuate more quickly; 
4. It reduced the total numher of parts  for  the 
entire unit; and 
5. Most  Importantly,  it  reduced  the  cost  to 
manufacture the hammer bloclc. 
The other ideas presented In this thesis, while not the 
best Ideas for this design, may prove to be useful in 
different applications. 
This design reduced the number of different parts 
from 19 to 14, a 26% reduction. This design also reduced 
the total' number of parts from 157 to 94, a 40% reduction 
in the number of parts. Most  importantly,  the  cost  to 
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manufacture  the  hammer block was reduced from 47.06 to 
37.4 2, a 20.5% savings. 
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9. SUMMARY 
In summary, this thesis studied many alternatives in 
the design of the hammer block to facilitate assembly. 
Some were discarded because they were technically 
infeasible, Including: 
1. The extending clin design to hold the stator 
block assembly to the comb bar assembly. 
Mounting the clips was imoossible: and 
2. The connecting pin desian for holding the comb 
bar assembly to the stator block assembly, a 
suitable material that would not conduct 
magnetic fields and not creep. 
More idea's were eliminated because the analysis 
technique used Indicated that they were not economically 
feasible, Including: 
1. The permanent magnet hammer return system. The 
operating costs for the user vould double; 
2. The all' in one coil assembly. The probability 
of coil' failure was too great to offset the 
reduced assembly cost? 
3. The permanent maonet hammer flight time 
adjusting system. The oDeratlnq costs would 
double; 
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4. The ideal' distance fljnht time adjusting 
system. The cost to create the entire printer 
to the required tolerances would he very high; 
and 
5. The individual hammer pivot pins. The cost to 
mold twenty-two pins and force them into the 
individual hammers is prohibitive. 
Most  ideas  were rejected because it was determined 
that they were operationally infea'sible, including: 
1. The assembly with no front plate. The dirt 
from the printer would cause the hammer unit 
to break: down constantly? 
2. The dovetail connection between the stator 
block: assembly and the comb bar assembly. The 
joint would- not be solid; 
3. The slotted hammer. The pivot shaft would not 
be fully constrained; and 
4. The flight time adjusting screws cast in 
plastic. The connection would not support the 
constant force applied to the screws. 
The  design  finally chosen,  used  several  of the 
concepts necessary for a successful design including: 
I. Eliminating threaded fasteners,* 
.1.30 
2. Combining neigborlna elements? 
3. Utilizing  components  to  perform several 
functions; and 
4. Reducing the total number of parts. 
Most  importantly,  the  desian  reduced  the  cost  to 
manufacture the hammer block. 
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I. APPENDIX A': LISTING OF PARTS OF- HAMMER BLOCK 
Part Maine Quantity/Hammer Block 
Stator Block Assembly 1 
Stator 22 
Mounting Casings 3 
Coil 22 
Spring 22 
Plunger 22 
Comb Bar Assembly 1 
Flight Time Adjusting Screw 22 
Plastic Washer 1 
Plastic Bumper I 
Locating Pin 3 
Guide Bar t 
Hammer 22 
Hammer Pivot Shaft 1 
Front Plate 1 
Rubber Retainer 1 
Screws: 
Stator Block/Comb Bar 2 
Comb Bar/Guide Bar 2 
Front Plate/Comb Bar 7 
Number of different parts per hammer block  19 
Total' quantity of parts per hammer block   157 
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IT. APPENDIX B<: CALCULATIONS TO DETERMINE THE EXPANSION 
OF PHENOLIC: 
3'iven: 
- Coefficient of.     Thermal  Expansion = 0.0000175 
mm/mm C 
- Maximum width of dovetail = 6.44 mm 
- Change in temperature of  unit =  60 degrees 
Centigrade 
{(0.0000175 mm/mm C)*C60  C)*(6.<14 mm)} = 
maximum expansion possible due to thermal 
expansion 
= .007 mm 
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III-. APPENDIX' C:: ANALYSIS OF FLAT SPRING 
In the Implementation of the flat soring hammer 
return system, it is necessary to develop the parameters 
for the spring force equation? 
F = kx. 
Where: 
F = the force created by the spring, 
!c = the spring constant, and 
x = the displacement of the spring. 
The       spring  force  equation  allows  three  possible 
variations: 
.1, The spring constant, k, can be maintained from 
the compression coil sprina and the force and 
displacement  distance  changed to reflect the 
constraints from the equation? 
2. The displacement distances from the 
compression coil spring may be maintained and 
the spring constant and force changed; or 
3. The forces on the coil spring can be 
maintained  and  the  soring constant and 
1.3 4 
displacement distances changed. 
It Is obvious that the forces on the spring are the most 
Important consideration. Tf the force from the spring on 
the hammer in the rest position is too little, the 
hammer, vhen fired, will strike the print band too early. 
Conversely, if the force is too areat, the hammer will 
not be able overcome the Inertial effects quickly enough 
and It >?ill strike the print hand too early, If at all. 
If the force from the spring on the hammer at the full 
flight position is too little, the hammer may not return 
fast enough to be ready for the next fire. Conversely, 
if theforce Is too great, the flight time of the hammer 
will be affected adversely. The decceleration due to the 
spring may prevent the hammer from striking the print 
band at the necessary speed. Therefore the forces on the 
hammer from the spring will be maintained. 
From the part prints, the forces from the spring on 
the hammer are calculated below.  Given: 
1. The depth of the hole in the stator block into 
which the spring and plunger are placed is 
.45 8 in.; 
2. The length of the sprincr is .390 in.? 
3. The length of the plunger is .374 in.; 
4. The spring constant of  the  coil  spring  is 
1.35 
7.536 lb/In.; 
5. From measurement, the tip of the plunger 
extends .0625 in. beyond the face of the 
stator block when the hammer is in the rest 
position; and 
6. Also from measurement, the tip of the plunger 
extends .031 in. beyond the face when the 
hammer is in the maximum flight position. 
Therefore, the rest force on the hammer is 
C.390 + .374) - .458 = .306 in. 
(.306 - .063 in.)*(7.536 lb/In) = 1.R3 lb. 
(.306 - .031 in.)*(7.536 lb/In) =2.07 lb. 
Therefore, the rest force is 1,R3 oounds and  the  return 
force is 2.07 pounds. 
In the current design, the spring force is located 
.146 in. below the pivot point. Tn the new design, the 
spring force is .679 in. above the pivot ooint. Due to 
the greater distance from the pivot point for the flat 
soring design, less force will be required to achieve the 
same results. The forces reauired are developed based on 
the ratio of the moment arms for each location. This 
ratio is 
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.1.46 
.679 
= .215 
The forces required for the flat spring design are 
rest force = C1.83)*(.215) = .394 lb. 
return force = (2 .07)*(.2l5) = 445 lb. 
The length of the moment arms is known as is the 
displacement of the hammer for the present moment arm. 
These distances are shown below with the calculation for 
the displacement of the new moment arm. 
coil moment arm - .146 in. 
coil displacement = .031 in. 
flat spring moment arm = .679 in. 
flat spring displacement = 
.146   .679 
.031    x 
(.679m.031) 
x = ------------- 
(.146) 
X = .144 in. 
The spring force equation now yields 
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dF = kCclx) 
dF = .051 lb. 
dx = .1.44 in. 
.051 
K  
.144 
k: = .35 lb./In, 
For the given forces, the rHsDlacements are shown below, 
F = .394 lb therefore x    = 1.13 in. 
min min 
F = .445 lb therefore x    = 1.27 in. 
max' max 
This  means  that the flat spring would have to have 
an elevation of 1.30 in. 
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IV. APPENDIX' D"J ANALYSIS OF SLOTTED TUBULAR SPRINGS 
The slotted tubular sprinq pins will have a diameter 
o£  0.0625  in,  and a length of 0.5 in. The minimum hole 
force is 80 pounds while the maximum hole  force  is  180 
13 
pounds  .  The pins are made of heat treated carbon steel 
and  perform  satisfactorily  un  to  temperatures of 500 
degrees farenheit. 
The pins can also  be  reused  without  detrimental 
effects.  They retain a significant portion of their hole 
14 
force for up to 20 insertions 
13 
Parmley, Robert 0., Standard !iaadbtaa£ af, Easteniaa 
and JaLnina, McGraw-Hill, Inc., Mew York, 1977. p 2-25, 
14 
ibid., p. 2-26. 
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V. APPENDIX E: MATERIAL PROPERTIES 
Material: Density Base Cost 
Cg/ccr) CS/lb) 
Steel 7.R .IP 
Phenolic 1.9 .42 
Aluminum 2.7 .60 
Polyethylene 
therephthalate 2.15 .42 
Bronze a.? .90 
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VI. APPENDIX' F-: MATERIAL AND MANUFACTURING COSTS FOR THE 
COMPONENTS' OF THE ORIGINAL DESIGN 
Material   Manufacturing 
lomponent cost($)      costCS) 
Stator block: assembly 
Stators 
Casings 
Coils 
Springs 
Plungers 
Comb bar assembly 
Flight adj' screws 
Washer 
Bumper 
Locating pins 
Guide bar 
Hammers 
Pivot shaft 
Front plate 
Rubber strip 
Screws C11) 
Total 
1.5 5 2.27 
1.30 .26 
.06 ,03 
5.50   
.66   
.11 .07 
.27 2.OR 
1.10 ^ a* ■* 
.01 .01 
.01. .01 
.06 "**"" 
.14 .58 
.66 22.00 
.05 .03 
.13 .33 
.01 .01 
.55 
  
I?.10 27.68 
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VII. APPENDIX G: MATERIAL AND MANUFACTURING COSTS FOR 
ALTERNATE: DESIGN ONE 
Component 
Material 
cost CS)' 
Manufacturing 
costCS) 
Main block: 
Stators 
Flight a'dj screws 
Washer 
Bumper 
.67 
1.30 
1.10 
.01 
.01 
2.70 
.26 
.01 
.01 
Coils 5.78   
Spring bar .18 .56 
Guide bar .14 .58 
Hampers .66 22.00 
Pivot shaft .05 .03 
Screws (2) .10   
Total 10.00 26.15 
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VIII. APPENDIX' H: MATERIAL AND MANUFACTURING COSTS FOR 
ALTERNATE DESIGN TWO 
Material Manufacturing 
Component costCSD costCS) 
Main block .55 2.01 
stators 1 .30 .26 
Flight i dj screws .1 .to 
Washer .01 .01 
Bumper .01 .01 
Coils 5.53   
Spring bar .18 .56 
Guide bar • .14 .58 
Front plate .12 .33 
Rubber : strip .01 .01 
Hammers .66 22.00 
Pivot shaft .05 .03 
Screws (2) .10 
Slotted tube Pins (7) .21 
Total 9.97 25.80 
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